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Dawson, Evans, and Whipple (1) suggested the use of the blue dye, obtained from 
ortho-tofidine  and  1:8-aminonaphthol-2:4-sulfonic acid-- 
H  H 
H2N  O  O  NH2 
NaOa  S  SOa  Na 
hereafter referred to as T-1824, for the estimation of the plasma volume.  However, 
T-1824 did not come into general use until its advantages were restated by Gregersen 
(2).  In this  article  Gregersen pointed  out that  the  use  of a  spectrophotometer is 
desirable for the colorimetric estimation of the dye.  In determining the T-1824 con- 
centration in plasma,  Gregersen, and subsequent authors,  have compared the light 
absorption  of a  plasma  sample  drawn  before the  intravenous injection  of the  dye 
with the absorption of samples drawn after the injection.  As recognized by Greger- 
sen,  the assumption that  the increase in light absorption found in the second, and 
subsequent,  samples is  due  entirely to  the  dye is not valid if,  during the interval 
between samples, the degree of lipemia changes, or if the color of one sample is affected 
by hemolysis more than the color of the others. 
Methods  have  been  proposed  by  several  authors  to  correct  for  the effects of 
hemolysis.  Gibson and Evans (3)  have suggested that the extinction coefficient be 
determined in a Ktinig-Martens spectrophotometer at 574 m~ and at 620 m~.  These 
values are substituted in a  formula to obtain a  correction factor for the hemoglobin 
present.  The method is not valid unless one of the samples is free  of  hemoglobin 
and all of the hemoglobin in the other samples is present as oxyhemoglobin.  Gibson 
and Evans recognized that the amount of lipemia must be constant in all samples, or 
an Uncorrectable error is introduced. 
Recently, two methods for determining T-1824 in the presence of hemolysis have 
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appeared.  In these procedures the dye is separated from hemoglobin, pigments,  and 
lipids by extracting the dye from the plasma into an alcoholic extract.  One method, 
reported by Crooke and Morris (4), is "not applicable  to plasma samples which are 
more than slightly hemolyzed."  The other method, described by Harington, Pochin, 
and Squire (5) is more complicated  than that of Crooke and Morris, and extraction 
of the dye is not complete if hemoglobin  is present in the plasma in considerable 
amounts; "the loss of dye amounts to approximately 9 per cent per 1 per cent hemoly- 
sis."  In addition, the degree to which variations in lipemia and pigment affect the 
light absorption was not ascertained. 
In the present paper a procedure is used which differs in its entirety from 
those: just described.  The technique is simple and includes an automatic cor- 
rection for all light-absorbing substances of the plasma at the wave length used. 
The method is based on the fact that the dye T-1824 can be reduced to a color- 
less compound by Na2S204, in alkaline solution.  The extinction coefficient is 
determined before and after reduction, with a  wave length of 575  m/z.  This 
is the isobestic wave length,  at which variation in pH  does not affect light 
absorption" of the dye in plasma.  The plasma  sample is buffered to a  pH of 
9.0-9.2 with borate, and reduced and oxyhemoglobin are changed to HbCO 
by bubbling CO  through the solution before the initial reading.  Methemo- 
globin at this pH has the same light absorption at 575 m/~ as HbCO and reduced 
Hb.  Hence the presence of methemoglobin does not interfere.  Mter addi- 
tion of Na~S204 any methemoglobin present is changed to reduced or to C0- 
hemoglobin, with no  change  in  the  absorption of light  by  the  hemoglobin. 
The absorption of light by suspended lipids and plasma pigments is not altered 
by the Na28204, in the buffer used.  Thus it is possible to determine the disap- 
pearance rate of the injected dye from the plasma, regardless of the variations, 
from sample to sample; in hemolysis, plasma pigments, and lipemia. 
Method and Materials 
The fact that T-1824  can be reduced to a  colorless compound was  reported by 
Gilder,  Miilier,  and  Phillips  (6).  A  discussion  of  the  reduction of T-1824 at the 
dropping mercury electrode will be published shortly by Miiller (7). 
Three substances  were tested as reducing agents--(1)  Platinized asbestos  and H~. 
This has the disadvantage that the asbestos  must be removed before the extinction 
coefficient is determined.  (2)  SnC1,.  If used in neutral or alkaline  solution SnC14 
is  precipitated,  while  in acid  solution  the dye  was  reduced  to  a  pink  form. 
(3)  Na,S,O,.  Oxidation products of Na2S20, are precipitated in neutral or acid solu- 
tion.  However, the Na2S,O4 reduces the dye in alkaline  solution to the  colorless 
compound with no attendant turbidity.  1  Hence it was  utilized in the method as 
developed. 
l When "reduction" of the dye is referred to in this paper it is realized that there 
may be actual destruction of the dye. ROBERT ALLAN I~I-IILLIPS  423 
In the concentrations of the dye used in these experiments in the absence ot plasma 
the T-1824 is completely reduced to the colorless form in 30 minutes by 3 per cent 
Na,S204; in the presence of plasma 97 per cent of the dye is rendered colorless by S 
per cent Na2S~O4 in 120 minutes at 20°C., while reduction is complete in 12 hours. 
Absorption of light by Na2S204 in the presence of the proportions of plasma and 
buffer used in the method to be described was not measurable when Na,S,O4 of 5 per 
cent concentration was used (see Reagents).  However, if more concentrated Na2S,O4 
is used absorption is measurably increased.  Hence concentrations of Na2S20, above 
5  per cent cannot  be used unless a  correction factor is introduced3  It should be 
pointed out that the time required for complete disappearance of the blue and pink 
color of the dye should be determined in each laboratory with the preparation and 
concentration of Nao.S~O4 used,  since this compound  is notorious for its instability 
and varying purity. 
Reagents.--1.  Five  per  cent  Na~S20,.  This  concentration  in  the  borate 
buffer has been found satisfactory, but,  since the dissolved Na2S20, gradually 
decomposes, the solution should be made up fresh each day in an O2-free solu- 
tion.  To prepare the solution--add 2.5 gm. of Na2S~O4 to about 45 cc. of the 
borate buffer  in  a  50  cc.  volumetric flask  while  CO  is bubbled through  the 
solution.  Make up  to  the mark with buffer,  stopper tightly, shake until all 
of the Na2S204 is in solution, and store over mercury (Fig. 1). 
2.  Borate buffer of pH 9.2.  19.10 gm. Na2B4OT- 10 H20 per liter. 
3.  Carbon  monoxide.  Generation  and storage of CO:  Carbon monoxide was 
generated and  stored in the manner described by Van  Slyke and Hiller (8).  3 
To dispense CO: A glass Y-tube is connected with the 5 liter bottle containing CO. 
This Y-tube is connected by short pieces of rubber tubing with twocapillary tubes 
for dispensing the CO.  The flow of CO through the capillary tubes is regulated by 
screw clamps placed on the rubber tubing connecting them with the glass Y-tube. 
The capillary tubes used to dispense the gas have a  bore of about 1 mm~,tto insure a 
stream of fine bubbles.  50 to 100 cc. of CO is bubbled through each cuvette at the 
rate of  1 to 2  cc.  per second.  One  capillary tube is used for solutions containing 
Na2S20,, the other for solutions with no Na2S204.  The screw clamps regulating the 
flow through each capillary tube are opened before the cuvettes are raised in place 
and are not closed until the cuvettes have been lowered and removed.  The capillary 
2 This statement holds for the ].  T. Baker Company's Na2S20,,  Lot No.  51440. 
With the British  Drug  House's Na~S20, light absorption by  the  hydrosulfite was 
found to be measurable when  the concentration exceeded 3 per cent. 
3 Comment on the method of Van Slyke and Hiller (8).  Sulfuric acid is dropped 
slowly into 8 cc. of formic acid in the generating tube, which is gently warmed with 
a  micro burner.  After ejecting the first 300 cc. of mixed air and CO from the CO 
storage bottle, the rest of the sulfuric acid, about 20 cc., is run slowly into the formic 
acid, and  the reaction is continued 2  to 3 hours, until the CO from all the formic 
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tube's bore is thus kept dry and by wiping the outer surface with a piece of kleenex 
the same tube may be used throughout the day.  Because of the toxicity  of CO the 
above operations should be carried out in a hood. 
I 1 
I 
NarD204 
H~cu~ 
Fxo. 1.  Method for storing and dispensing S per cent Na~S~O4.  To store:  Capillary 
tube A, (1 ram. bore) is connected to chamber B by rubber tube D  (heavy wall with 
3 to 4 ram. bore) and the system filled with mercury.  A is introduced into the 50 cc. 
volumetric flask containing 5 per cent Na2S~O4 and  the Na~S~O, transferred  to B. 
Care should be taken not to introduce air into B.  The clamp C is closed and A  is 
disconnected.  To dispense:  C  is opened and a  few drops of Na~S204 permitted  to 
overflow D.  A 1 cc. transfer pipette, calibrated to deliver without blow-out, is intro- 
duced into D  and filled  with Na2S204.  C is again dosed when the pipette has been 
xemoved from/~. 
Illuminating gas could be used if the absence of H~, carbon particles,  and sulfur 
compounds, which might effect reduction of the dye, was assured. 
Spectrophoton~t~r.--A  spectrophotometer, similar to the Coleman DM, Beckman, 
or K6nig-Martens, is needed.  The Coleman Model DM with a 5 m# slit was used in 
these experiments.  If other slit widths are used  the ability to recover added dye 
under the conditions of the experiment, i.e., hemolysis, lipemia, etc., should be tested. ROBERT ALLAN PHILLIPS  425 
The  method has not been  tried with colorimeters employing filters although  they 
could presumably be used if satisfactory filters were available. 
Procedure  A.--This procedure requires 2  cc.  of plasma,  and  is  somewhat  more 
convenient than procedure B, which, however, requires only 1 cc. 
1.  A 1 cc. portion of the plasma containing the dye is pipetted into a  spectropho- 
tometer cuvette containing 5 cc. of buffer and 1 cc. of 0.85 per cent NaC1.  50to 100 cc. 
of CO is bubbled through the solution, at the rate of 1 to 2 cc. per second, to change 
reduced and oxyhemoglobin to HbCO.  50 cc. is ample if the gas is delivered as a 
stream of fine bubbles, during a  2 minute period.  The  extinction coefficient, E, is 
determined in the spectrophotometer at 575 m/z with a 5 m~ slit.  4 
2.  Another 1 cc. portion of the same plasma is pipetted into a  12  X  120 mm. test 
tube containing 5 cc. of buffer.  Carbon monoxide is bubbled through the solution 
and after i minute I cc. of 5 per cent Na2S20, 5 is added while the bubbling is continued. 
As soon as the CO stream is stopped the tube is tightly stoppered, so that the space 
above the fluid is filled with CO rather than air, and further access of atmospheric 02 
is entirely prevented.  The tube is thus let stand overnight to complete the reduction 
of the dye to the colorless form (reduction is 97 per cent complete in 2 hours).  The 
next day the reduced sample is transferred to a spectrophotometer cuvette.  Carbon 
monoxide is bubbled through for 1 minute to convert any oxyhemoglobin, formed in 
the transfer, to HbCO and the extinction coefficient, E, is determined at 575 m~ with 
the 5 m# slit. 
3.  The extinction coefficient, E, of step 2 is subtracted from the g. of step i and the 
dye concentration read from  the standard  curve, which relates the corrected E  to 
dye concentration. 
Procedure  B.--This procedure requires only  1  cc.  of plasma, since the  readings 
both before and after reduction of the dye are carried out on the same sample. 
1.  The 1 cc. of plasma is diluted with 5 cc. of buffer and 1 cc. of 0.85 per cent NaCI 
and E  is observed, as in procedure A, step 1. 
2.  Five cc. of the diluted plasma is then pipetted from the cuvette into a test tube. 
The tube is filled with CO,  1 cc. of Na2S~O, is added, the tube is stoppered, and let 
stand overnight, as in procedure A, step 2.  The E  is then determined.  This E  is 
multiplied by 1.2 in order to correct for the dilution of 5 cc. of the unreduced sample 
with I cc. of Na2S~O4, and the E  thus corrected is subtracted from the E of step 1. 
3.  An alternative, which can be used if sufficient cuvettes capable of being closed 
air-tight are available, is to follow through step 1 and then add 1 cc. of the Na2S~04 
solution directly to the cuvette while CO is being bubbled through it.  The cuvette 
is stoppered and the solution is read again the next day.  The E  value is multiplied 
by 8/7, or 1.143, and the E  thus corrected is subtracted from the E of step 1. 
Standard Curve.--The standard curve must be made with the standard concentra- 
tions of the dye prepared in plasma-buffer mixtures like those used in analyses of 
4 Since it has been found that plasma can reduce the dye spontaneously, in one 
instance (see Table III) about 25 per cent in 18 hours, it is advisable to take the read- 
ing, on the plasma sample without Na,S20,, as soon as it is possible after drawing the 
blood sample. 
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unknowns  (Fig.  2).  The  standard  solutions  must  contain  plasma,  because  the 
molecular extinction coefficient of the dye is markedly decreased by the presence of 
the plasma proteins; e.g., a given concentration of the dye in aqueous solution absorbed 
83 per cent of light of 575 m~ waveJength, while in buffer-plasma solution it absorbed 
only 73 per cent, (cf. Figs. 3 and 4).  This behavior has been noted by Gregersen and 
Gibson (9).  However, the effect of the proteins on the molecular E  seems to be the 
same  in  all  plasmas,  and  in  plasma-buffer  solutions  the  dye  follows Beer's Law 
accurately at 575 m# (Fig. 2). 
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FIG. 2.  Extinction-concentration curve of T-1824 in plasma.  Each solution has 1 
co. of plasma -b 1 cc. of T-1824 of indicated concentration 4- 5 cc. of buffer.  Refer- 
ence solutions had 1 cc. of plasma q- 1 cc. of T-1824 of indicated concentration +  4 
cc. of buffer -k 1 cc. of 5 per cent Na2S~O4.  K  =  90.91. 
against dye concentration (the K  of the equation, dye concentration  = K  X  E) in one 
plasma-buffer-dye solution the same K  can be used for the dye in buffer solutions 
of other plasmas. 
The amount of hemolysis, lipemia, or previously  injected dye in the plasma used for 
the standard curve will not affect the slope of the curve.  Hence it is possible to draw 
the plasma for the standard curve at the end of the experiment, when its withdrawal 
will not affect the estimation of the plasma volume. 
If the spectrophotometer employed can be left set for exactly the same wave length 
(575 m~), or can be returned to exactly the same wave length, it will not be necessary 
to redetermine the slope of the curve.  However, in the Coleman spectrophotometer 
used in our analyses, when the setting of the wave length was changed for other work 
it could not be reset at the same point (575 m~) with quite enough accuracy, since the 100 
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FIG.  3.  Effect  of  pH  on  spectral  absorption curves  of  T-1824.  Each  solution 
contains 1 cc. of heparinized dog plasma with 25 micrograms of T-1824 per cc.  +  5 
cc. of the following solutions:-- 
pH 1.9--21.008 gin. citric acid +  200 cc. N NaOH per liter.  Of this 30 cc. +  70 cc. 
0.1 N HC1. 
pH 7.7--12.404 gm. HsBO,  +  100 cc. N NaOH per liter.  Of this 52.5 cc.  +  47.5 
cc. 0.i N HC1. 
0.05  •  Na~COa. 
0.5 ~  Na2COa. 
FIG. 4.  Spectral absorption curves of T-1824 in absence of plasma. 
(a)  1 cc. of T-1824, 45 micrograms per cc. in 0.85 per cent NaC1 -F 5 cc. 0.1 N NaOH. 
(b)  1 cc. of T-1824, 45 micrograms per cc. in 0.85 per cent NaCI -I- S cc. 0.1 N HC1. 
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closest scale divisions were 570 and 580,  to assure the same E  values, hence it was 
advisable to redetermine the slope for each day's work. 
Preparation of the Standard T-1824 Solutlons.--A stock solution of 1 per cent T-1824 
in distilled H20 is prepared as suggested by Gregersen and Stewart (10), since the dye 
is stable in H~O for several months,  Gibson and Evans (3).  This stock solution is 
placed in 5 cc. ampoules and autoclaved.  1 cc. of the 1 per cent solution of dye in- 
injected into the subject  s is diluted to 50 cc. and from this 5-, 10-, and 20-fold dilutions 
are prepared to make standard solutions of 40, 20, and 10 micrograms per cc. 
Determination of the Slope of the Extinction-Concentration Curve.--1.  To 1 cc. por- 
tions of plasma add 1 cc. portions of the above dilutions of T-1824, and to a control 1 
cc. portion of the same plasma add 1 co. of 0.85 per cent NaC1. 
2.  To each solution in step 1 add 5 cc. of buffer, saturate with CO, and determine 
the E. 
3.  For the controls: To duplicates of each solution in step  1 add 4 cc. of buffer, 
saturate with CO, add i  cc. of 5 per cent Na~S~O,, stopper tightly, and determine E 
the following day. 
4.  The E  of step 3 is subtracted from the E  of step 2 and these values are plotted 
against micrograms of dye (Fig. 2). 
Validation of the Method.--The ability to recover the dye in the presence of 
hemoglobin was first  determined. 
Three concentrations of T-1824 in 0.85 per cent NaC1, 21, 28, and 42 micrograms 
per ee. and 6 concentrations of hemoglobin from hemolyzed dog red blood cells, 0.1, 
0.2, 0.3, 1.0, 2.0, and 3.0 per cent red cells were made.  3 cc. of centrifuged red cells 
was diluted to 100 cc. with distilled H,O, and the resulting red fluid was thoroughly 
mixed and  faltered;  this  solution  was  used  for the  preparation  of the  hemoglobin 
solutions.  Each solution contained 1 cc. of dye-free plasma; 1 co. of dye or 1 cc. of 
0.85 per cent NaC1; 1 cc. of 0.85 per cent NaC1 or 1 co. of the hemoglobin solutions; 
5 cc. of buffer; and i  cc. of 0.85  per cent NaC1.  Duplicate tubes were prepared in 
which the final 1 cc. of NaC1 was replaced by 1 cc. of 5 per cent Na~S,04. 
The results of the test are given in Table I.  The recovery of the dye calcu- 
lated from the column headed  "T-1824 calculated from E4" ranged from 97.3 
per  cent  to  100.6 per  cent  with  an  average of 99.7  per  cent.  In two  other 
similar  experiments  recoveries  averaged  99.8  and  100.8  per  cent.  If  the 
method of Harington, Pochin, and Squire (5) had been used in the experiments 
in Table I, the dye losses reported by them would have lowered the recoveries 
giving figures of 91 per cent in the presence of 1 per cent hemolysis and 73 per 
cent in that of 3 per cent hemolysis. 
In the column of Table I  headed "T-1824 calculated from E~," the dye con- 
centration is calculated from the E  of the Hb-dye solution minus the E  of the 
known amount of Hb present.  The accurate recoveries indicate  that hemo- 
globin, even in the maximal amounts present  did not affect the E  of the dye. 
s It is, of course, imperative to determine the precise amount and concentration of 
the dye injected. TABLE I 
Recovery  of T-1824 in the Presence  of Hemoglobin 
Ex--Each solution contains: 1 co. of dye-free plasma 
1 co. of dye or 1 cc. of 0.85 per cent NaC1 
1 cc. of the Hb solutions or 1 cc. of 0.85 per cent NaC1 
5 cc. of buffer 
1 cc. of 0.85 per cent NaC1 
Total .............  9 cc. 
Er---Duplicate solutions of .El, except that the final 1 cc. of 0.85 per cent NaC1 has been 
replaced with I cc. of  per cent Na2S~O4.  (E determined 18 hours after Na2S204 was added.) 
Solutions  observed 
T-1824  Hemoglobin 
added in  as laked  red 
ceils in 9  cc. 
9 ec. of solu-  (~  per cent 
tion  hemolysis) 
Calculation of T-1824 concentration 
from E of dye +  Hb solutions  and 
from E  of Hb solutions  without dye 
Extinction coefficient 
(E) before dye reduction 
Observed E  E2  E1  Ex minus E 
of Hb 
T-1824 
calculated 
from E2 
Calculation  of T-1824 concentration 
from E  of dye +  Hb solutions-- 
before and after reduction of dye 
Extinction coefficient  [ 
(E) after dye reduction  T-1824 
-- -- --  calculated 
Es  I  E4  [  from E4 
Observed E  IE1 minus Es  I 
Observations on Hb solutions 
micrograms 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.3 
1.0 
2.0 
3.0 
0.0082 
0.0354 
0.0641 
0.0857 
0.2636 
0.5017 
0.7328 
0.0095 
0.0363 
0.0641 
0.0853 
0.2629 
0.5017 
0.7328 
Observations  on  T-1824  +  Hb  solutions 
21.00 
21.00 
21.00 
21.00 
21.00 
21.00 
21.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
42.00 
42.00 
42.00 
42.00 
42.00 
42.00 
42.00 
Average 
0.0 
0.1 
0.2 
0.3 
1.0 
2.0 
3.0 
0.0 
0.1 
0.2 
0.3 
1.0 
2.0 
3.0 
0.0 
0.1 
0.2 
0.3 
1.0 
2.0 
3.0 
,at cent 
0.1878  0.1796 
0.2133  0.1779 
0.2388  0.1747 
0.2636  0.1779 
0.4412  0.1776 
0.6800  0.1783 
0.9101  0.1773 
0.2494  0.2412 
0.2765  0.2411 
0.3019  0.2378 
0.3280  0.2423 
0.5004  0.2368 
0.7420  0.2403 
0.9785  0.2457 
0.3716  0.3634 
0.3990  0.3636 
0.4226  0.3585 
0.4461  0.3604 
0.6218  0.3582 
0.8633  0.3616 
1.0917  0.3589 
ofT-1824 found  ......... 
20.79 
20.42 
20.79 
20.78 
~0.86 
20.72 
28.00 
27.59 
28.11 
27.47 
27.91 
28.51 
42.04 
41.40 
41.65 
41.40 
41.78 
41.49 
99.2 
0.0120 
0.0366 
0.0618 
0.0899 
0.2629 
0.5031 
0.7350 
0.0128 
0.0394 
0.0645 
0.0889 
0.2660 
0.5045 
0.7420 
0.0128 
0.0410 
0.0633 
0.0892 
0.2653 
0.5072 
0.7375 
0.1758  I 
0.1767 
0.1770 
0.1737 
0.1712 
0.1769 
0.1751 
0.2366 
0.2371 
0.2374 
0.2381 
0.2344 
0.2375 
0.2365 
0.3588 
0.3580 
0.3593 
0.3569 
0.3565 
0.3561 
0.35421 
21.10 
21.12 
20.75 
20.42 
21.12 
20.91 
28.05 
28.08 
28.14 
27.74 
28.11 
28.00 
41.90 
42.08 
41.78 
41.74 
41.70 
41.49 
99.7 
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TABLE  II* 
Recovery of T-1824 in Presence of Hemoglobin and Lipemla 
Solutions observed 
Hemoglobin as 
T-1824 added  laked red cells 
in 9 cc. of  in 9 cc. (~..m 
solution  per cent 
hemolysis) 
micrograms 
23.20  0 
23.20  1.0 
23.20  0 
23.20  1.0 
34.90  0 
34.90  1.0 
34.90  0 
34.90  1.0 
46.40  0 
46.40  1.0 
58.10  0 
69.80  0 
Average per cent 
Lipemic 
plasma 
cc. 
0 
0 
1 
1 
Extinction coefficient  (E) 
E  of solution 
without 
Na2S204 
1 
0.2084 
0.3696 
0.8181 
0.9644 
0.3081 
0.4698 
0.9260 
1.0681 
1.0021 
1.1457 
1.0969 
1.2146 
E  of solution 
with Na2S20, 
0.0128 
0.1661 
0.6235 
0.7630 
0.0137 
0.1706 
0.6362 
0.7720 
0.6055 
0.7500 
0.6109 
0.6271 
E of (1) 
minus E  of (2) 
3 
0.1956 
0.2035 
0.1946 
0.2014 
0.2944 
0.2992 
0.2898 
0.2961 
0.3966 
0.3957 
0.4860 
0.5875 
of T-1824 found ..................................... 
T-1824 
calculated 
from E  of 3 
24.13 
23.10 
23.87 
35.35 
34.26 
35.00 
46.65 
46.58 
57.20 
69.25 
100.2 
* Solutions made up as in Table I, except that some contained lipemic plasma. 
TABLE  III* 
In Vitro Reduction of T-1824 in Plasma 
Solutions observed 
Hemoglobin as 
T-1824 added  laked red cells 
in 9 cc. of  in9 cc. (= 
solution  per cent 
hemolysis) 
m icrograms 
0  0 
23.20  0 
23.20  0 
34.90  0 
0  1.0 
23.20  1.0 
Lipemic 
pmsma 
cc. 
1 
0 
1 
1 
Extinction coefficient  (E) 
E  of solution 
without 
NasS206 
1 
0.5058 
0.2084 
0.6948 
0.8010 
0.6575 
0.8281 
E  of solution 
wit1 Na:SK)* 
0.5331 
0.0128 
0.5331 
0.5376 
0.6830 
0.6885 
E  of (1) minus 
E  of (2) 
0.1956 
0.1617 
0.2634 
0.1396 
T-1824 
calculated 
from Eof  3 
19.15 
31.15 
16.55 
* Solutions made up as in Table I, except that some contained lipemic plasma. 
Table II records the results with the method  in the presence of hemoglobin, 
lipemia,  and  hemoglobin plus lipemia.  The  solutions were  made  up  as were 
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not; the total volume was 9 cc.  The average recovery here is 100.2 per cent. 
It is of interest that in the lipemic plasma used the E  due to the suspended fat 
was equivalent to over 70 micrograms of T-1824 and the E  due to the hemo- 
globin present was equivalent to over 19 micrograms of dye; yet estimations 
of 20 to 70 micrograms of the dye were accurate. 
Some plasmas  contain substances  which gradually reduce T-1824  at 20°C. 
and even at 4°C.  Hence the reading of the E  of the plasma-dye aliquot not 
treated with Na2S~O4 must be taken soon after the blood is drawn.  The experi- 
ments in Table III show examples of reduction of the dye by plasma.  These 
readings were obtained 18 hours after the dye had been mixed with the plasma 
in vitro.  Readings  taken  24 hours later indicated a  further loss of the dye. 
The loss in the first 18 hours was about 25 per cent. 
EXPERIMENTAL 
Demonstration of an Isobestic Wave Length  (575 m#) for T-1824 in Plasma 
Gregersen and Gibson (9) pointed out that the spectral absorption curves of 
T-1824 in plasma, in NaC1 solutions and in distilled H20 were different.  They 
also stated "the spectral absorption curves of T-1824 at pH 5 and pH 8 are 
indistinguishable."  In  order  to keep  the  oxidation products of Na2S204 in 
solution it is necessary to keep the pH above 7.5.  It was found that the addi- 
tion of Na2S204 to the borate buffer resulted in a  decrease of the pH of the 
solutions, e.g., the pH of 5 cc. of borate buffer is decreased by 1 cc. of 5 per 
cent Na~S20~ from 9.2  to 8.5.  Therefore, studies were made of the effect of 
buffers of varying pH on the spectral absorption curves of solutions of the dye 
in plasma.  (All spectral absorption curves were made with a Coleman Model 
DM Spectrophotometer with a 5 m/~ slit.  The wave length scale was standard- 
ized by comparing the spectral absorption curve of a dydiminm filter observed 
in the  Coleman and in a  Bausch and Lomb visual spectrophotometer.  The 
latter instrument's scale was  checked against the spectral lines of a  mercury 
vapor arc.) 
The dye, T-1824, was added to heparinized dog plasma and 1 cc. portions 
diluted  with  5  cc.  of borate-HC1, borate-Na2CO~,  and  Na2CO3 buffers,  (see 
Fig. 3).  It will be noted that as the solution becomes more alkaline the absorp- 
tion maximum at 625 m~ decreases.  However, at  575 m#, an isobestic point, 
the absorption value is not affected by pH changes from 1.9 to strong alkalinity. 
Fig. 4 shows the spectral absorption curves of %1824 in 0.1 N HC1 and in 
0.1  ~  NaOH,  in  the  absence of plasma.  An  isobestie point  is present here 
at about 573 m~. 
Confirmation  of fsobestic  Point of HbCO,  Reduced  lib,  and  Metttb  at  Wave 
Length 575 m# 
At a  wave length of 575 m# carbon monoxide hemoglobin, reduced hemo- 
globin, and methemog]obin at a pH of 9.0-9.2, all  have the same specific ab- 100  100 
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FzG. 5.  Spectral absorption curves of hemoglobin. 
(a)  10 cc. of heparinized human blood was equilibrated in a  tonometer with u.s.P. 
02 as soon as possible after drawing.  The cells were rapidly spun down at 4°C. and 1 
cc. of the cells diluted to 40 cc. with water and O3 bubbled through the solution. 
HbCO---1  cc.  of a  +  5  cc. of borate-Na,  CO8 buffer  +  1 cc. of NaCI.  CO was 
bubbled through this solution in its cuvette,  pH 10.25. 
Hb---1 cc. of a  +  5 cc. of borate-Na2COs buffer +  1 cc. of 3 per cent Na2S,O4.  pH 
9.23. 
MetHb--1 cc. of a  +  1 ce. of 0.86  m~ per liter of K3Fe(CN),.  After 35 minutes 
5 cc. of borate buffer,  pH--9.11. 
FIG. 6.  Spectral absorption curve of T-1824 in lipemic plasma. 
(a)  1 cc. of plasma with 32 micrograms T-1824 per cc.  +  2 cc. 0.85 per cent NaC1 
+  5 cc. borate-Na2CO8 buffer +  1 cc. 0.85 per cent NaC1. 
(b)  1 cc. of plasma with 32 micrograms T-1824 per cc.  +  1 cc. lipemic plasma  + 
1 cc. 0.85 per cent NaC1 +  5 cc. borate-Na2CO8 buffer +  1 cc. 0.85 per cent NaC1. 
a and b read against blanks in which final 1 cc. of saline in above was replaced with 
1 cc. 3 per cent Na~S204. 
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sorption coefficients.  This fact is shown by a study of the data of Drabkin 
and Austin (11, 12), although it was not pointed out by these authors.  The 
location of the isobestic point has been confirmed by direct observation (see 
Fig.  5). 
Spectral Absorption Curves of T-1824 in Presence of Lipemi6 and 
Non-Lipemic _Plasma 
Fig.  6 shows the spectral absorption curves of 1 cc. aliquots of T-1824 in 
heparinized  dog plasma and in lipemic plasma,  pooled from several patients 
with nephrosis.  In each  instance 5  cc. of Na2CO3-borate buffer was added. 
Here it is to be noted that only between 580 m/~ and 600 m/~ are the spectral 
absorption curves  of the dye in lipemic  and non lipemic plasmas identical, 
although at 575 m/z the difference in absorption is within experimental error. 
The decrease of the 625 m/~ peak can not be due to an increase of pH in this 
instance since the pH of the lipemic solution was 9.92, while that of the dog 
plasma solution was 10.16. 
When lipemic plasma is diluted with 0.85 per cent NaC1 there is usually 
considerable material precipitated from solution; however, this has not occurred 
with the buffer used in these experiments. 
DISCUSSION 
The ability to measure concentrations of the dye, T-1824, in plasma in the 
presence of large amounts of hemoglobin and suspended lipids has been demon- 
strated, Tables I  and II.  It is possible  that some pathological  bloods  may 
contain substances  whose absorption will be altered sufficiently by Na2S204 
to introduce an appreciable  error, but none have been encountered,  although 
plasmas ranging in color from a very pale yellow to a deep yellow have been 
tested.  While the majority of these experiments  were performed with hepa- 
rinized  plasma,  the method has  also  been used in a  few  experiments  with 
oxalated plasma and with serum, with recovery of the dye comparable to that 
obtained from heparinized plasma. 
Gregersen (2) has pointed out the advantage of using red dyes, such as bril- 
liant vital red for the determination of plasma volumes in clinical work.  The 
objection to the use of these dyes for plasma volume estimations has rested 
primarily on  the  error  that  hemolysis would  introduce.  In  the  course  of 
these studies it has been found that vital red and brilliant vital red can also 
be reduced,  under suitable conditions,  to apparently colorless compounds  by 
Na2S~O4.  This suggestion may be of considerable value in clinical work where 
the administration of blue dyes may result in a  temporary coloration  of the 
skin that is disturbing to the patient. 
The principles on which this method is based--reduction (or oxidation)  to 
colorless compounds,  of injected dye--may perhaps be used to advantage in 
other analyses.  For example,  the bromsulfalein  used  in  the  test of  "liver 
function" is reduced in alkaline solution by Na2S204 to a colorless compound. 434  DETERMINATION  OF T-1824 
SUMMARY 
A method for the estimation of the concentration of the blue dye, T-1824, 
in plasma has been developed.  The method is based on the fact that the dye 
can be reduced to a colorless compound by Na~S~O4, in alkaline solution.  The 
extinction coefficient is determined under specified conditions before and after 
reduction of the dye.  Under the conditions employed hemoglobin does not 
interfere, even if partly present as HbCO or as methemoglobin; the absorption 
of light by the hemoglobin is the same before and after reduction of the dye. 
Absorption of light by suspended lipids and plasma pigments is also unaltered 
by  the  Na2S204.  Hence variations from sample  to  sample  in hemolysis or 
degree of lipemia do not affect the accuracy with which T-1824 is determined. 
The author wishes to express his appreciation  for the encouragement and advice 
given by Dr. D. D. Van Slyke, in whose laboratory this work was performed. 
These experiments were carried out with the technical assistance of Miss Emily G. 
Stanley and Mr. William Becket. 
BIBLIOGRAPHY 
1.  Dawson, A. B., Evans, H. M., and Whipple,  G. H., Am. J. Physiol., 1920, 51, 
232. 
2.  Gregersen, M. I., J. Lab. and Clln. Med., 1938, 9.3,423. 
3.  Gibson, J. G., 2nd, and Evans, W. A., Jr., J. Clin. Inv., 1937,16, 301. 
4.  Crooke, A. C., and Morris, C. J. 0., J. Physiol., 1942, 101,217. 
5. Harington, C. R., Pochin, E. E., and Squire, J. R., Clin. So., 1940, 4, 311. 
6.  Gilder, H., Miiller, O. H., and Phillips, R. A., Am. J. Physiol., 1940, 129, 362. 
7.  Mfiller, O. H., 1943, personal communication. 
8. Van Slyke, D. D., and Hiller, A. E., J. Biol. Chem.,  1928, 78, 807. 
9.  Gregersen, M. I., and Gibson, J. G., 2nd, Am. J. Physiol., 1937, 120, 494. 
10.  Gregersen, M. I., and Stewart, J. D., Am. J. Physiol., 1939, 126, 142. 
11. Drakbin, D. L., and Austin, J. H., J. Biol. Chem.,  1935, 112, 51. 
12. Austin, J. H., and Drabkin, D. L., J. Biol. Chem.,  1935, 119., 67. 